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© Reinforced shrink wrap. 

© A reinforced shrink wrap comprising at least one layer of highly irradiated polyethylene shrink film ; 
reinforcing filamentous grids on either side of the shrink film ; said reinforcing filamentous grids in a 
flexible adhesive layer ; and two polyolefin film layers facing the adhesive layers as the outer surfaces of 
the shrink wrap. There is also provided a method of producing shrink wrap, shrink wrap so produced 
and product covers made with the shrink wrap of the present invention. 
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Background and Summary fth Invent! n 

Shrink wrap is used for a multitude of applications from wrapping produc in supermarkets to covering con- 
tainers and products for shipping. For the purpos of this description product and container are used inter- 
5 changeably as examples of the use of the invention. The shrink wrap film will deform with the application of 

tears, rips and punctures and has no more strength than the film itself. 

Reinforced plastic films have been developed that are durable, strong and resist punctures and tearing. 
An example is U. S. Patent 4,592,941 assigned to the applicant which is incorporated by reference herein as 

10 part of the specification of this application. The reinforced plastic film is used to make bags for heavy products, 
storage and outdoor coverings as described in its specification. However, it does not deform in a shrink wrap 
manner upon exposure to heat to snugly fit to cover the product or container. 

The present invention is a reinforced shrink wrap that can be made to cover all sizes of products and con- 
tainers and is especially suited for covers for large equipment The reinforced shrink wrap is multilayered and 

15 includes a reinforcing grid with the shrink layer. The reinforced shrink wrap is superior to the conventional non- 
reinforced product for packaging, handling, shipping and storage of goods. The reinforcing grid minimizes and 
contains tears, rips and prevents punctures from spreading. Yet, the multilayered reinforced shrink wrap de- 
forms to fit the product or container in the same or similar manner as the conventional shrink wrap. 

The multilayered shrink wrap has at least one layer of shrink film of highly irradiated polyethylene. On either 

20 side of the shrink film is reinforcing filamentous grid in a flexible adhesive layer. On the outer surfaces of the 
multilayer reinforced shrink wrap are two layers of polyolef in film. The reinforced shrink wrap may have more 
than one inner layer of shrinkf ilm with additional facing layers of the filamentous reinforcing grid in the adhesive 
layer. Also, inner layers of polyolefin film may be added with the reinforcing grid and adhesive layers facing 
either side of the inner polyolefin layer. The polyolefin layers may be a multiply film. 

25 Additives used in polyolefin film may be included as desired in the polyolefin inner or outer layers or in 

one of more plies of a multiply film. Additives include ultraviolet light stabilizers, flame retardants, static inhib- 
itors, antioxidants, color additives, corrosion inhibitors, biocides and compatible mixtures of the additives as 
desired. 

The reinforced shrink wrap is resistant to localized heat burn through during the heating step used to shrink 
30 the wrap around the product. The use of the reinforced shrink wrap is particularly suited for protecting cargo 
and equipment exposed to harsh environments. 

Brief Description of the Drawings 

35 FIG. 1 is an enlarged cross-section view of one embodiment of the multilayer reinforced shrink wrap. 

FIG. 2 is an enlarged cross-section view of an alternative embodiment of the multilayer reinforced shrink 
wrap. 

FIG. 3 is a view of a sheet of the shrink wrap showing the reinforcing grids. 

FIG. 4 is an enlarged cross-section of the multilayered reinforced shrink wrap with multiply outer layers. 

40 

Detailed Description of the Invention 

The reinforced shrink wrap can be customized for the intended use. As will be understood from the following 
description, the various layers can be formulated as to thickness and additives as needed. For instance, for 
45 applications with large equipment to be shipped on a vessel overseas where there will be exposure to salt spray 
and other elements, a thicker shrink wrap with a corrosion inhibitor would be preferred. If exposure to the sun 
for a period of time is expected an ultraviolet light stabilizer would be desired. Many variations of the invention 
will be understood by those skilled in the art. 

The shrinkf ilm layer is highly irradiated polyethylene and can be linear low density polyethylene, low den- 
so sity polyethylene or mixtures thereof. The preferred thickness is from 0.75 mil to 1.5 mils and can be varied 
based on the intended use and desired strength of the final multilayered product. 

The reinforcing grid is pref rably 200 to 800 d nier yarn in a crisscross patt rn. Th grid is filamentous 
mad of singl strand or multipl f ilam nt yarn pr ferably of nylon, polyest r r bl nds. Th r inforcing grid is 
in a layer of water-bas d or solvent- bas d adhesive or other pressure sensitiv adhesives. The dry thickness 
55 ofthe adhesive is between 0.25 and 1 mil with a pref rr ddrythickn ssofabout 0.75 mil. The adhesive should 
be us d in an effectiv amount to prevent delamination. However, the amount of adhesive should not be an 
xcessive amount that retards the movement of the grid under stress such as a puncture. The grid should sag 
to prev nt further tearing. The reinforcing grid in the adhesive layer is in between the layers of shrinkf ilm and 
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th outer layer of polyolef in film and inner layers of polyolef in, if any, to provide th tear, puncture and rip re- 
sistance and adhesion to make a strong multilayer film. Th reinforcing grid is preferably spaced about 0.5 in- 
ches apart and can be any spacing desired, but is g n rally from 1/8 inch to a two inch grid. 

The outer layer of the shrink wrap is a polyolef in film from 1 to 6 mils thick. Additional layers of polyolef in 
5 may be used as inner layers disposed between adhesive with or without reinforcing grids. The polyolef in can 
be any type or blends and the thickness depends on the application and desired thickness of the end product 

The polyolef in layer may have two plies or more. The polyolef in used can be any one of the known and 
used thermoplastics such as low and high density polyethylene including linear low density polyethylene and 
polypropylene. Also, ethylene-propylene-diene can be included in a blend in the polyolefin layer. When the 
10 polyolefin layer contains more than one ply, each ply can be made of a different polyolefin or mixtures thereof. 
For instance the ply that will be the outer facing surface of the shrink wrap can be low density polyethylene 
which is amenable to heat sealing and is suitable for fabricating the product covers and also has a good surface 
appearance. The other ply or plies can be another polyolefin or mixtures. The multiply film can be prepared 
in methods known to those skilled in the art such as co-extruded blown film manufacturing techniques. 
15 For the various layers with an adhesive and filamentous grid the following manufacturing method can be 
employed. The layers are coated on one side with the adhesive. The reinforcing filamentous grid is laid on one 
layer of adhesive coated film so that the grid covers substantially the entire area. The grid can be formed by 
laying filaments in a crisscross pattern to either side of the machine axis. Then the two layers are bonded to- 
gether on the adhesive coated sides with the grid in between and rolled under pressure. The process is re- 
20 peated to provide additional reinforcing layers as desired. 

The polyolefin layers can include additives for color and may have a printed message on any layer, if de- 
sired. Other additives that can be used include ultraviolet light stabilizers, antioxidants and corrosion inhibitors. 
Also, static inhibitors, flame retardants and biocides compatible with polyolef ins may be incorporated in or coat- 
ed on the film layer. The various additives may be combined and included in one polyolefin layer or different 
25 additives or combinations thereof may be included in more than one polyolefin layer. In the shrink wrap with 
the multiply polyolefin layers additives or combinations, thereof may be included in one or more of the plies. 

EXAMPLE 1 

30 FIG. 1 is the cross section of a multilayer reinforced shrink wrap 10 of this invention. The reinforced shrink 

wrap 10 is shown to illustrate an embodiment of the invention and the various layers. The center layer 12 in 
FIG. 1 is the highly irradiated polyethylene shrink film layer. In a preferred embodiment the shrink film is 0.75 
mil thick. A preferred shrink film is Cryovac® D-925 Film. The preferred shrink layer is highly cross linked from 
an irradiation process and has the following specifications in TABLE 1. 
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TABLE 1 




Maximum Storage Temp 
(two yeara maximum) 



90 Q P 



15 



20 



25 



Shrink Temp Air 



275° 



350°F 



Penalty 



D-1505 



0.936 



Haze % 



D-1003 



3.0 



Gloss % 



D-2457 



90.4 



Ball Burst Impact 
Strength 



D-3420 



7.1 cm/kg 



Coefficient of 
Friction 

Film to Film, Kinetic 



D-1894 



.24 



Water Vapor 
Transmission Rate 



F-372 



Oxygen Transmission 
nate 



D-1434 



0.85 gme/100 sq. in/24 hrs. 



4,590 cc/sq. M./24 hre. 



TD* 



30 



Tens lie Strength 



D-882 



12,200 pel 



11,700 pel 



Elongation at Break 



D-882 



95% 



86% 



Modulus of 
Elasticity 



D-882 
Method A 



127,000 pfli e 
73°F 



128,000 pal @ 
73°F 



Tear Propagation 



D-1938 



5.7 grama 



6.3 grams 



35 



Unrestrained Shrink 



D-2732 



40 



200°F 



10% 



11% 



220°F 



16% 



26% 



240°F 



29% 



43% 



260'F 



80% 



7B% 



45 



* Longitudinal Direction 
** Transverse Direction 



The layers on either side of shrink film layer 10 are adhesive layers 14a and 14b that are preferably an acrylic 
bas dadhesiv inaaqu ouscarri r about 0.75 mil thick when dry. A cross section oft h reinforcing filam n- 
tous grids 16a and 16b are shown in th fl xible adh sive layers 14a and 14b. The preferred grid is a multifi- 
lament nylon yarn in a nonwoven grid laid out in a diamond crisscross pattern. The outer layers 18a and 18b 
55 are polyolefin film generally from 1 to 6 mils in thickness. In one of the preferred embodiments one of the outer 
polyolef in layers includes an ultraviolet light stabilizer as an additive in a mixture of low density polyethylene 
and linear low density polyethylene and th layer is 2.00 mil thick. Acommercially available ultraviolet stabilizer 
is Chimassorb 944® by Ciba-Geigy from a family of hindered amines. The stabilizer is prepared in a concen- 
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trated form in polyethylene and is blended with polyolefin prior to preparing the film. Th other out rpolyolefin 
layer has an anticorrosive additive in linear low density polyethylene and is 2.00 mil thick. Apref rred corrosion 
inhibitor is anticorrosive additive PA4733 manufactured by Northern Instruments Corporation. 

The following TABLE 2 includes the properties of a reinf reed shrink wrap of Example 1 with the ASTM 
5 test used to define the property and typical variance where applicable. 



TABLE 2 



PROPERTY 


ASTM 


UNITS 


VALUE 


VARIANCE 


Th ickness ( Between 
Fibers) 


D-2103 


mils 


6.4 


0.4 


Thickness (At 
Intersection) 


D-2103 


mils 


10.9 


0.7 


Std Wt 


D-2103 


Ib/msf 


32.6 


0. 1 


3 M Tensile 


-MD 


D- 882 


Ibf 


89 . 5 


5.3 


3" Tensile 


-TD 


D- 802 


Ibf 


85.9 


13.7 


3" Elongation 


-MD 


D- 882 


% 


IF \J 




3" Elongation 


-TD 


D- 882 


% 






1" Peel 


D- 882 


Ibf 


14.6 


4.2 


Tongue Tear 


-MD 


D-1938 


Ibf 


10.5 


1.5 


Tongue Tear 


-TD 


D-193B 


Ibf 


11.03 


2.0 


PPT Tear 


-MD 


D-2582 


Ibf 


18.2 


1.0 


PPT Tear 


-TD 


D-2582 


Ibf 


19.9 


1.4 


Shrinkage 


-MD 


D-1204 


% 


4.5 


0.4 


Shrinkage 


-TD 


D-1204 


% 


4.8 


1.5 


Shrinkage 


-AREA 


D-1204 


% 


9.0 


1.3 


Drop Dart 


D-1709 


g 


2024.0 


40.0 


Cold Crack 


D-1709 


Deg F° 


-60.0 


0.0 


MD - Machine Direction 
TD - Transverse Direction 
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EXAMPLE 2 



The cross section of another embodiment of the mul til aye red reinforced shrink wrap is shown in FIG. 2. 

so Certain layers can be added and varied as described herein. Layers 20 and 22 can both be shrink film or one 
of layers 20 and 22 can be shrink film and the other a polyolefin film layer. The shrink film and polyolefin layers 
are prepared as described in Example 1 and the specification generally above. 

Layers 24, 26, and 28 are adhesive layers and cross s ctions of the filamentous grid 30, 31 and 32 are 
also as previously described herein. Outer layers 34 and 36 are polyolefin layers. 

55 Figure 4 is an ther embodiment of the shrink wrap illustrating the us of multiply polyolefin layers. In Fig. 
4 the inner layer 50 is shrink film as pr viously described in this specification. Layers 52a and 52b are adhesive 
layers and 54a and 54b are sections f filamentous grid which have b en discussed abov .The outer polyolefin 
layers 60 and 62 are shown as multiply film with three co-extruded plies. The three ply film is for exemplary 
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purpose only becaus the polyolefin layers can be two or more plies thick depending on th intend d use. 

In Figure 4 polyolefin layers 60 and 62 have middle pli s 64 and 66 respectiv ly. Each fth middle plies 
64 and 66 have an outer layer of polyolefin on eith r side shown as pli s 68 and 70 for inner ply 64 and 72 
and 74 for inner ply 66. In a preferred embodiment the middle ply is about 50% to 70% of the total thickness. 
5 The multiply film can be made by co-extrusion and other processes known to those skilled in the art. 

^^^nnSance^^ 

be added to the outer ply material prior to fabrication such that only one ply will contain the additive. Similarly 
the polyolefin content can be varied for each ply so that the outer layer ply has a polyolefin content with better 

10 surface characteristics and the inner ply Is formulated for strength and durability characteristics. 

FIG. 3 is a portion 40 of a sheet or roll of the reinforced shrink wrap of this invention. Covers for products, 
crates or packaging can be made by any method of cutting and seaming for large equipment and machinery. 
The covers can be constructed with sewn seams, heat sealed, hot melt, radio or ultrasonic waves or any other 
available method known to those skilled in the art The reinforced shrink wrap can also be used for small items 

15 and it is not the intent to limit in any way the size or shape of cover that can be made and used. 

The cover is placed around the package or product and heat is applied by hot air blowers; ovens or any 
other means. The shrink film deforms and conforms to the shape and size of the item covered and the other 
layers of the wrap of this invention will also deform to provide a snug reinforced, strong cover for the item. The 
shrink wrap of this invention is resistant to burn through when localized heat is used to shrink the cover. The 

20 reinforced shrink wrap of this invention has a minimum shrink of 4.5%. Equipment that will be exposed to the 
environment including corrosive elements such as salt air from shipment on the decks of ships can be protect- 
ed. Additives known to those skilled in the art can be added to the polyolefin layers to provide protection from 
corrosion, ultraviolet light, static, fire and any other deleterious conditions that may be encountered. 

Variations other than those described specifically herein will be apparent to those skilled in the art It is 

25 not the intent to limit the claims of this invention to any particular embodiment. 



Claims 

30 1. A reinforced shrink wrap comprising 

at least one layer of highly irradiated polyethylene shrink film; 
reinforcing filamentous grids on either side of the shrink film; 
said reinforcing filamentous grids in a flexible adhesive layer; and 

two polyolefin film layers facing the adhesive layers as the outer surfaces of the shrink wrap. 

A reinforced shrink wrap of claim 1 comprising 

at least one inner layer of polyolefin film; and 
an adhesive layer on either side of each inner layer of polyolefin film. 

A reinforced shrink wrap of claim 1 and 2 wherein at least one of said polyolefin film layers is a multiply 
film. 

A reinforced shrink wrap of claim 2 wherein. at least one additional reinforcing filamentous grid is in one 
of the adhesive layers adjacent to said inner layer of polyolefin film. 

A reinforced shrink wrap of claims 1 and 4 wherein the reinforcing filamentous grid is selected from the 
group of nylon, polyester filament and multifilament yarn said yarn from 200 to 800 denier. 

A reinforced shrink wrap of claims 1 and 2 wherein said adhesive layer is selected from the group of water 
base, solvent base and pressure sensitive adhesives and said adhesive layer is from 0.25 mil to 1 mil thick- 
ness when dry. 

A r inforc d shrink wrap of claims 1 , 2 and 5 wherein at least one of said polyolefin film layers or at least 
one ply of said multiply film has at least one additive selected from the group of ultraviolet light stabilizer, 
flam retardant, static inhibitor, color additive, antioxidant, corrosion inhibitor and biocide. 

A reinforc d shrink wrap of claims 1, 2 and 3 wh r in said polyolefin film layers are from 1 mil to 6 mils 
thick. 
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9. A reinforced shrink wrap of claim 1 wherein the highly irradiat d polyethylene shrink film layer is selected 
from the group of linear low density polyethyl n , low density polyethylene and blends thereof. 

10. A reinforced shrink wrap of claim 1 and 9 wher in th highly irradiated polyethyl n shrink film layer is 
between 0.75 to 1.5 mils in thickness. 

11. A reinforced shrink wrap of claim 6 wherein said adhesive layer is acrylic adhesive in an aqueous carrier. 

12. A product cover made of the reinforced shrink film of claim 1. 

13. A process for producing a reinforced shrink wrap comprising the following steps 

coating one side of a layer of highly irradiated polyethylene shrink film with a layer of adhesive; 
laying a first reinforcing filamentous grid in the first adhesive layer; 

laying a first polyolef in film layer over the first reinforcing filamentous grid in the first adhesive lay- 
en 

bonding the shrink film and first polyolef in film layer with the first reinforcing filamentous grid and 
first adhesive layer in between the highly irradiated polyethylene shrink film and first polyolef in film layer; 

coating the second side of the highly irradiated polyethylene shrink film with a second layer of ad- 
hesive; 

laying a second reinforcing filamentous grid in the second layer of adhesive; 
laying a second polyolef in film layer over the second reinforcing filamentous grid in the second 
adhesive layer; and 

bonding the second side of the highly irradiated polyethylene shrink film to the second polyolef in 
film layer with the second reinforcing filamentous grid and second adhesive layer in between the highly 
irradiated polyethylene shrink film and second polyolefin layer. 



14. A process for producing a reinforced shrink wrap of claim 13 comprising with the additional steps of 

coating a second layer of highly irradiated polyethylene shrink film with a layer of adhesive; 
laying a third reinforcing filamentous grid in the layer of adhesive; 

bonding the second layer of highly irradiated polyethylene shrink film to the highly irradiated poly- 
30 ethylene shrink film layer of the first step of claim 13; 

proceeding with the steps of claim 13 using the two layers of shrink film with adhesive and rein- 
forcing filamentous grid in place of the single layer of highly irradiated polyethylene shrink film. 

15. A process for producing a reinforced shrink wrap of claim 13 comprising the additional steps of 
35 coating one side a third layer of polyolefin film with adhesive; 

bonding the third polyolefin film layer one of the layers of polyolefin film layers of claim 14; and 
proceeding with the steps of claim 13 using the two layers of polyolefin film with adhesive in place 
of one of the polyolefin film layers recited therein. 

40 16. A process for producing a reinforced shrink wrap of claim 15 comprising the additional step of laying a 
reinforcing filamentous grid in the adhesive layer between the third layer of polyolefin film and one of said 
layers of polyolefin film. 

17. A process for producing a reinforced shrink wrap of claims 13, 14 and 15 wherein the highly irradiated 
^ polyethylene shrink film is between 0.75 and 1 .5 mils thick and selected from the group of linear low den- 
sity polyethylene, low density polyethylene and blends thereof. 

18. A process for producing a reinforced shrink wrap of claims 13, 14 and 1 5 wherein at least one of the poly- 
olefin film layers is a multiply film. 

50 19. A process for producing a reinforced shrink wrap of claims 13, 14, 15 and 18 wherein at least one of the 
polyolefin film layers or ply thereof contains at least one additive selected from the group consisting of 
ultraviolet stabilizer, flame retardant, static inhibitor, color additive, antioxidant, corrosion inhibitor and bio- 
cide. 

55 20. A process for producing a reinforced shrink wrap of claims 1 3, 1 4, 1 5 and 1 8 wherein the polyolefin layers 
are from 1 mil to 6 mils thick. 

21. A process for producing a reinforced shrink wrap of claims 13, 14, 15 and 16 wh rein th r inforcing fila- 
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mentous grid is sel ctedfromth group of nylon, poly ster filament and multifilament yarn said yarn from 
200 to 800 denier. 

22. A process for producing a reinforc d shrink wrap of claims 13, 14 and 15 wherein said adhesiv iss lected 
from the group of water base, solvent base and pressure sensitive adhesives and said adhesive layer is 
a fmm^.25«milktc^milJhick^ 
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FIG. 4 
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